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Available online 13 February 2013Abstract Three-dimensional aggregation cultures allow for complex development of differentiated human induced pluripotent
stem cells. However, this approach is not easily amenable to live-cell imaging and electrophysiological applications due to the
thickness and the geometry of the tissue. Here, we present an improvement on the traditional aggregation method by combining the
use of cell culture inserts with serum-free embryoid bodies (SFEBs). The use of this technique allows the structures to maintain their
three-dimensional structure while thinning substantially. We demonstrate that this technique can be used for electrophysiological
recodings as well as live-cell calcium imaging combined with electrical stimulation, akin to organotypic slice preparations. This
provides an important experimental tool that can be used to bridge 3-D structures with traditional monolayer approaches used in stem
cell applications.
© 2013 Elsevier B.V. All rights reserved.Introduction structure and electrical activity (Cai et al., 2004). AlthoughThe 3-dimensional structure of the brain is integral in
development (Georgieva et al., 2009). It has been shown
that neural networks display optimal information processing
when they achieve a complexity threshold (Song and Abbott,
2001). The development of mature and functional chemical
synapses in the CNS requires the presence of gap-junctions,
which are highly expressed in complex CNS tissue (Todd
et al., 2010). In addition, the formation of functionally
mature synapses is highly dependent on glutamate release
from functional presynaptic terminals, and readily occurs in
slice culture preparations, which display a 3-dimensional⁎ Corresponding author.
E-mail address: mnestor@nyscf.org (M.W. Nestor).
1873-5061/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.scr.2013.02.001glutamate-induced synapse formation has been observed
in monolayer preparations, these synapses are not as elec-
trically robust, and glutamate release has to be induced
by non-physiological chemical agents. Three-dimensional
systems, such as SFEBs have been shown to successfully
recapitulate cortical development (Eiraku et al., 2008), but
there are some drawbacks to their use that parallel those
observed in acute slices taken from brain tissue. For
example, SFEBs grown using typical methods form thick,
dense structures that are difficult to live image or obtain
electrophysiological recordings from, and require dissocia-
tion for efficient analysis. This undermines many of the
advantages of a 3-D system in terms of cell–cell contact and
network formation.
In this study we have successfully created 3-D SFEBs from
undifferentiated induced pluripotent stem (iPS) cells that
accurately recapitulates aspects of the development of the
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creation of SFEBs that approximate an in vivo frontal cortex
and that can be used for imaging and electrophysiological
applications, we have developed a technique that is a
variation of the Stoppini method used in organotypic pre-
parations (Stoppini et al., 1991).Material/methods
For this approach, undifferentiated human iPS cells (human
iPSC line 8446B, male 34 years old, made from fibroblasts
obtained from the Coriell Institute) were maintained on
gamma-radiatedmouse embryonic feeders (MEFs, GlobalStem),
in KO-DMEM/20% KSR (Invitrogen) containing: Pen-Step (1/100),
Glutamax (2 mM), Non-Essential Amino Acids (0.1 mM),
β-mercaptoethanol (0.1 mM) and b-FGF (10 ng/mL; R&D
Systems). To differentiate iPS cells, colonies were manually
cleaned to remove spontaneously differentiated cells, brought
to single cells enzymatically using Accutase (Invitrogen) and
re-suspended in media containing 10 μM of the Rho-kinase
inhibitor Y-27632 (ROCKi) (Stemgent), to minimize apoptosis.
Cultures were plated for 1 h on gelatin-coated plastic to
remove MEFs, and the supernatant was subsequently removed
and used for differentiation.
Cells were plated in a 96-well V-bottom plate (Oregon
Scientific) at a density of 9000 cells per well in DMEM/F12
containing the dual-SMAD inhibitors SB431542 (10 μM) and
LDN193189 (250 nM) (Stemgent) to inhibit the Activin/Nodal
and BMP branches of the TGFβ pathway respectively. Recom-
binant Dickkopf-1 (Dkk-1) (R&D) (200 ng/mL) was also added to
the culture solution. Using dual-SMAD inhibition and Dkk-1
allowed the iPS cells to be driven towards an anterior forebrain
neuronal fate (Chambers et al., 2009; Hansen et al., 2011). At
day 14 the SFEBs were transferred by pipetting with
wide-orifice tips onto Millipore mesh inserts (MI) (0.4 μM pore
size) inserted into 6-well plates containing the previously
described medium. The SFEBs rest on the surface of the
Millipore insert with the medium underneath. The insert
contains the mesh attached to the outer plastic rim on which
the SFEB rests. The medium was replaced every other day until
day 18, when a second differentiation medium containing
DMEM/F12, Glutamax (2 mM), N2 Supplement (0.1 mM), and
Pen-Strep (1/100) (all Invitrogen) was added to the well
containing SFEBs on inserts and dual-SMAD inhibition and
Dkk-1 was gradually withdrawn by partial media changes. At
day 24, the DMEM/F12 solution was replaced with a final
differentiation supplement containing Neurobasal medium,
B-27 supplement without retinoic acid, Glutamax (2mM) and
Pen–Strep (1/100) until day 30 when the experiments were
performed. During the incubation period on the mesh inserts,
the SFEBs began to thin considerably from ~400 μM to ~100 μM,
optimal thickness for both imaging and electrophysiological
studies at day 30 (Figs. 1A–C).
SFEBs on MIs were imaged after being placed in an imaging
chamber on a Zeiss LSM 510 upright confocal microscope using
a 40× water-dipping objective (1.2 N.A.). Maximal projec-
tions were made from image stacks obtained through the
z-dimension at an average interval of 1.5 μm,made from 60 to
80 images. After cryosectioning, free-floating SFEBs were
placed on glass slides and imaged using a Nikon TS100F inverted
epifluorescence microscope with a 20× (0.4 N.A.) objective.To obtain quantification of expression, 518×518 pixel
confocal images of SFEBs were analyzed by loading into
Volocity (Perkin Elmer). Two areas of 200×200 pixels were
randomly selected at the edge and center of the SFEBs.
Within these areas, cells were counted according to a
staining profile and outputted to excel for analysis. The
data for both ROIs at the center and the edge of the SFEB
was averaged together and percentages reflect this across
N=4 SFEBs unless otherwise stated.
Time-lapse images were taken on an inverted Zeiss LSM
510 microscope using Plan-Neofluar 20× (0.8 N.A.)
objective. For Ca2+ analysis, images were taken every
1.5 s for 3 min using 512×512 pixel resolution and cells
were excited using the 488 nm laser line. On each cell
soma a 5 μM×5 μM ROI was drawn and change in
fluorescence intensity over time was calculated within
the imaging software. When drugs were added to the bath
solution, a 5-minute wash-in period was maintained
before resuming imaging. To stimulate Ca2+ activity in
some experiments an excitatory Tyrode's solution was
perfused into the dish containing the SFEB. This solution
contained (in mM): NaCl 32, KCl 10, CaCl2 2, MgCl2 2,
Glucose 30, and Hepes 25.
After background subtraction, Ca2+ signals were then
analyzed by hand and with a custom written routine in
Matlab (Mathworks, Natick, MA) based on the
“PeakFinder” algorithm. For every maximum in the signal,
our algorithm calculates the area of the signal with
vertices being the maximum itself and the furthest
monotonically decreasing minima on either side. This is
used to model the relevance of every peak in the signal.
Maxima that have an associated area greater than one
standard deviation from the mean of the signal are chosen
as relevant events. Relevant peaks are then used in
calculation of inter-event intervals and event
frequencies.
To perform electrophysiological experiments, SFEBs
were left on the mesh and cut from the MIs and were
placed into a recording chamber. Cells were viewed using
an Olympus BX51WI microscope with a 40× water immer-
sion lens and differential interference contrast (DIC)
optics and imaged using a Hammmatsu Orca R2 CCD
camera. SFEBs were constantly perfused with a recording
solution containing (in mM): 119 NaCl, 5 KCl, 2 CaCl2, 2
MgCl2, 40 Sucrose, 30 Glucose, and 20 HEPES titrated to a pH
of 7.3 and osmolarity of 330. For whole-cell current-clamp
recordings, low resistance recording pipettes (9–12 mΩ) were
pulled from borosilicate capillary glass. Recording pipettes
were backfilled with a solution containing (in mM): 130
K-gluconate, 10 KCl, 2 Mg-ATP, 0.2 Li-GTP, 0.6 CaCl2, 5
MgCl2, 0.6 ethylene glycol-bis (b-aminoethyl ether)-N,N,N′,
N′-tetraacetic acid (EGTA), and 5 HEPES titrated to a pH of
7.1 and an osmolarity of 310. Action potentials were evoked
with current clamp steps (0 pA for 100 ms, steps from −60 pA
to +120 pA, 20 pA each, for 1 s). Na+ and K+-currents were
obtained using voltage clampmode (holding potential:−70 mV
for 100 ms, steps from −90 mV to +20 mV, 10 mV each, for
1 s). Data were acquired at 22 °C using an Axon Multiclamp
700B amplifier and a Digidata 1440a acquisition system, with
pClamp 10 software (Molecular Devices). Data analysis was
carried out using Clampfit 10.2 software (Axon Instruments).
Data is presented as mean±standard error.
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Figure 1 Intrinsic characteristics of SFEBs grown on MIs. (A) SFEBs generated using our method thin considerably by days 21–30.
During this time the SFEBs maintain their composition and thin akin to organotypic slice cultures (B) Schematic of Millipore insert in a
well with SFEBs placed on the mesh insert. (C) Depth-coded image shows that SFEBs thin to ~100 μM (sb=50 μM). (D, E) Tuj1 and
TOPRO-3 staining shows SFEB structure using our method with cell processes growing in parallel at the edge of the culture, but not in
the center at day 30 but not at day 15 (left images) (sb=50 μM).
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In order to better understand the kinetics of neuronal differ-
entiation in our SFEBs, a time course study, looking at three
different time points during differentiation: 15, 30, and 45
days was performed. These experiments were performed on
free-floating SFEBs that were flash-frozen and cryosectioned.
We quantified the neuronal marker NeuN, as well as the
glutamate reuptake transporter VGLUT1 co-stained with thenuclear marker DRAQ5 or the neural marker MAP2. Both NeuN
and VGLUT expressing cells statistically increase from day 15
to day 30 (pb0.003 for Student's t-Test, n=4 images per
condition) (Fig. 2A). We repeated this experiment using both
vGLUT and Tuj1 in SFEBs grown on MIs and observed similar
results, namely that 47% of our total cells co-expressed Tuj1
and vGLUT at 30 days as compared to 11% at 15 days. Thus, we
performed all subsequent experiments at 30 days of differen-
tiation. SFEBs can be kept longer than 30 days on themesh and
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Figure 2 Maturation of neurons within SFEBs. (A) Neuronal embryoid bodies express both NeuN and vGLUT in a temporally
dependent manner. SFEBs were fixed, cryosectioned, and stained for: NeuN (green), MAP2 (red) and DRAQ5 (blue) or vGLUT (green),
MAP2 (red) and DRAQ5 (blue) at different times during differentiation (days 18, 30) Both vGLUT and NeuN staining increased at later
time-points. Embryoid bodies analyzed for percentage of total cells expressing either vGLUT or NeuN showed a significant increase in
both NeuN and vGLUT expression after 30 days post-dual SMAD inhibition as compared to day 18 (pb0.003; t-Test, N=4 images/condition)
(sb=25 μM). (B) Reelin (green) + nNOS (red) staining shows a layer of Reelin-positive cells in the outer layer of the SFEB (N=4 SFEBs).
(C) The relative ratio of Tuj1 (green) + Sox-1 (red) staining shows that most neurons in the outer layers of the SFEBs are post-mitotic
neurons (N=4 SFEBs) (sb=50 μM).
457Differentiation of serum-free embryoid bodies from human induced pluripotent stem cellsdo thin after that time, but the most significant thinning
occurs during the first 14 days on the mesh insert (days 21–30
from the start of the experiment, data not shown).
We then questioned whether plating onto MIs would alter
the normal differentiation of the SFEBs into cortical layers.We
found extensive Tuj1-positive neurons throughout the SFEBs,
and Tuj1- and Pax6-positive progenitors localized on the
external surface of the SFEBs, resembling an “inside-out”
ventricular zone and indicating developing forebrain neural
progenitors of the cortical subventricular zone in the developing
CNS (Figs. 3A, B). We observed that at day 15, Pax6-positive
progenitors comprised 44% of the total number of cells in our
SFEBs. This slightly decreased to 31% at 30 days. At the
outer-edge of the SFEB, Pax6-positive cells decreased from 50%
of the total cells at day 15 to 20% at day 30. In the center of the
SFEB, Pax6-positive cells increased from 40% at day 15 to 57% atday 30. This differs from what has been previously reported for
SFEBs5, where progenitors appear on the inside of the SFEBs
rather than the superficial surface. There are some differences
in our protocols, including the use of LDN-193189 instead
of recombinant BMPR1A and different cell types; however it
is not currently clear what underlies this discrepancy. The
morphological organization of our SFEBs may be due in part to
our differentiation protocol and not their placement on MIs.
Free floating SFEBs created using our same differentiation
protocol showed a similar inside-out organizational structure
when cryosectioned and stained (Fig. 3D).
We also observed this inside-out layering again when we
stained for nestin and MAP2, with strong nestin staining on
the cells and processes growing at the outer 75 μM of the
SFEB (Fig. 2C), an observation we have made with Tuj1
staining as well (Fig. 1E). Within our SFEBs, nestin expression
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Figure 3 Morphological and developmental properties of SFEBs gown using MIs. (A) SFEBs were fixed and stained for anti-Pax6 (red)
or anti-Tuj1 (green) to indicate development of the SFEB (N=4). (B) anti-Tuj1 (green) and anti-Nkx2.1 (red) show that SFEBs mimic
the development of ventralized neocortical structures (N=4). (C) SEFBs stained with anti-MAP2 (red) and anti-Nestin (green) indicate
the development of mature neurons with developing neurons at the outer edge of the SFEB (N=4) (sb=50 μM). (D) Free-floating SFEB
cryosectioned and stained for: NFH (green), Pax6 (red) and Dapi (blue) demonstrating an “inside-out” morphology that resembles
SFEBs made using Millipore inserts. (E) SFEBs grown on MIs show sporadic GFAP staining, suggesting heterogeneous cell types (sb=50 μM).
GFAP (green), DRAQ5 (blue) (sb insert=30 μM).
458 M.W. Nestor et al.decreased from 36% at day 15 to 12% at day 30. At the outer
edge of the SFEB, nestin expression decreased slightly from
21% at day 15 to 18% at day 30. In the center of the SFEB
nestin expression decreased from 11% at day 15 to 7% at day
30. In addition, the cell processes at the edge of the SFEBs
grew in a circular morphology around the edge of the SFEB in
the majority of our samples. Additionally, we observed
numerous Nkx2.1 and MAP2 positive cells within the outer
200 μM of the SFEB. This organizational structure does not
exist in the center of the SFEBs (Fig. 1E). This pattern of
staining suggests that SFEBs grown using our method are
producing early cortical layers at the outer edges of the
structure, possibly of lateral moving cells.
To further characterize this layer, we asked whether the
cells we observed were akin to reelin positive Cajal–Retzius
cells observed in the outer layers of the developing cortex
(Gaspard et al., 2008). We observed reelin-positive staining
of the outer fibers of the cells around the edge of the SFEB
in a circular pattern that mimicked the nestin staining we
observed (Fig. 2B). At 15 days, reelin-positive cells increased
from 2% of the total neuronal population to 6% at 30 days.
Additionally, we asked whether the cells in these structureswere post-mitotic by staining for Sox-1 and Tuj. Although we
did observe small pockets of Sox-1 staining, the majority of
the cells were not Sox-1-positive but Tuj1-positive, suggesting
that they were primarily post-mitotic neurons. (Fig. 3C). We
also observed GFAP staining at the outer edge our SFEBs
(Fig. 3E). This staining was sparsely scattered throughout the
SFEBs we imaged and was variable between SFEBs. Further
studies will be needed to completely characterize the cell-
types differentiated using our method within our SFEBs.
Large-scale synchronous network activity is an integral
part of early brain structure development and aids in the
development of mature, functional synapses (Ben-Ari et al.,
1997; Garaschuk et al., 1998). Spontaneous synchronous
network activity is composed of barrages of action potentials,
which induce network-wide calcium transients (Ben-Ari,
2001). This spontaneous rise in intracellular calcium has
been implicated in the developmental expression of AMPA
and NMDA receptors and a decrease in the number of silent
synapses during development (Voigt et al., 2005). Thus,
spontaneous network activity plays an important role in
the maturation of individual neurons. Therefore we tested
the hypothesis that SFEBs grown using our method could
459Differentiation of serum-free embryoid bodies from human induced pluripotent stem cellsdemonstrate both spontaneous and evoked Ca2+ activity that
was synaptic in nature.
SFEBswere incubated in Fluo-4 NW (Invitrogen) at 37 °C for
45 min and allowed to rest at room temperature for 15 minA
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460 M.W. Nestor et al.systems. In most studies of developing cortical neurons
spontaneous Ca2+ oscillation frequency has ranged from
0.1 Hz to 2 Hz with some studies citing faster frequencies
combined with oscillatory patterns (Mao et al., 2001; Tang et
al., 2003). There was great variability in the intrinsic Ca2+
signaling in our SFEBs with frequencies ranging from 0.1 Hz to
0.02 Hz. This variability may be a reflection of the heteroge-
neous mix of neurons in these preparations and may be
improved in the future by using a cell-sorting strategy to
isolate more specific populations of neurons.
After application of TTX (1 μM), almost all calcium activity
was blocked within minutes, supporting our hypothesis that
evoked calcium was due to synaptic activity within the SFEB
(Fig. 4A). We were also able to induce Ca2+ activity using a
standard Tyrode's solution and then block most of the evoked
activity after 5 min with a cocktail of blockers including TTX
(1 μM), APV (50 μM), and CNQX (30 μM) (Fig. 4B). While a few
calcium signals were observed during incubation with TTX in a
subset of SFEBs, we attribute those signals to the spontaneous
differentiation of TTX-insensitive cells such as neuroglia.
Although the expression of these cells is low in our SFEBs and
as suchmay not fully account for these signals, TTX-insensitiveA
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Figure 5 Electrophysiological properties of single iPSCs in SFEBs o
insert patched with a borosilicate microelectrode. A single dendri
indicates outer edge of the SFEB. (B) Whole-cell recordings from sin
action potentials in response to voltage steps (upper panel). Addition
these cells. (lower panel) (sb insert=200 pA by 4 ms) (N=5).Ca2+-transients have been previously observed in cultured
cortical neurons (Murphy et al., 1992). We next asked whether
we could evoke calcium transients after local electrical
stimulation using a tungsten microelectrode inserted into the
SFEB (Figs. 4C, D). SFEBs were incubated in Fluo-4 NW as
indicated before the application of a stimulus of 200 mV
delivered once every 30 s, using a standard stimulator. After
stimulation, calcium transients were evoked in the local
region adjacent to the microelectrode, and these transients
were blocked after the application of TTX, suggesting that
they are synaptic in nature. However, it is difficult to interpret
this data further because SFEBs do not contain the type of
circuit cytoarchitecture commonly observed in areas of the
brain such as the hippocampus or cerebellum. Nonetheless,
this does demonstrate that SFEBs grown using our method
can give rise to small networks of mature neurons that are
electrically excitable by methods commonly used in slice
electrophysiology.
We asked whether the physiological properties of neurons
contained in our SFEBs were similar to what has been observed
in other iPSC-derived neurons. Thus, we conducted whole-cell
patch clamp recordings 30 days after SFEBs had been placed+20 pA
00 msec
n MI inserts. (A) DIC image of a single hiPSC from a SFEB on a MI
te can be seen in this image (arrow) (sb=50 μm). Dashed line
gle cells in SFEBs in current-clamp mode show normal multiple
ally, normal voltage-gated K+ and Na+ currents are observed in
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action potentials (APs) by using 20 mV depolarizing voltage
steps and observed heterogeneity of firing patterns, reflecting
the heterogeneity of neurons in the SFEBs. We observed an
average resting membrane potential of −48 mV in our
iPSC-derived neurons. Neurons were able to fire both single
and trains of evoked APs. All neurons we stimulated did fireA B
D E
G H
Figure 6 Undirected-differentiated embryoid bodies grown in un
expression of the endodermal marker AFP, B the expression of the m
marker TUJ1. D and E: Embryoid bodies grown under endoderma
endodermal-SOX17 positive cells, E showing the expression of PDX1
C-Peptide positive cells (n A–C=6, n D–F=9) (F, nuclei stained with
Ca2+ into cells within endodermally differentiated embryoid bodie
channel inhibitor, tolbutamide. Pre stimulation (G) little intracellul
intracellular Ca2+ is seen across the embryoid body (N=10; 3 separaAPs and showed normal range values for developing neurons
with respect to AP amplitude (64.7±9 mV), AP half-width
(7.2±1.9 ms), and afterhyperpolarization amplitude (10.1±
3.2 mV) (N=5) (Fig. 5B, upper). These values resemble what
has been reported for P0–P5 rats (Suwabe et al., 2011; Zhou
and Hablitz, 1996) and cortical iPSC-derived neurons at 45–
50 days post differentiation (Shi et al., 2012). Additionally,C
F
directed differentiation media for 20 days. A demonstrates the
esodermal marker ASMA and C the expression of the ectodermal
l differentiation conditions with D showing the expression of
positive pancreatic-progenitors and F showing the epxression of
DRAQ5). G and H: The use of Fluo-4 to demonstrate the influx of
s upon stimulation with 500 μM of the Kir6.2-Sur1 potassium
ar calcium is present, whilst post-stimulation (H) high levels of
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currents (Fig. 5B, lower) similar to other iPSC-derived
neurons.
To test the applicability of this method to non-neuronal
cell types, MIs were used to image both spontaneously differ-
entiating (undirected) embryoid bodies (UEBs) as well as
endodermally direct embryoid bodies (endoEBs). For imaging
of any EB, it is predominantly the case that sectioning must
first be undertaken to provide specimens for staining. SFEBs
sectioning or dissociation can cause either the breakdown
of structure within the SFEB or the generation of sections
that lack target cell populations. Using the MI approach,
it was found that UEBs could be successfully imaged, with
all three germ layers visible in clearly defined structures
(Figs. 6A–C).
Using an endodermal-directed differentiation protocol
(Paull et al., 2013), endoEBs containing populations of SOX17+
(day 3),PDX1+ (day 10) and C-peptide+ cells could be gene-
rated (Figs. 6D–E). When exposed to a stimulating agent,
the Kir-6.2-SUR1 potassium channel inhibitor, tolbutamide
(500 μM) (Sigma), regions of activity throughout the endoEB
were visible as seen through increased fluorescence following
pretreatment with calcium indicator Fluo-4, indicating the
presence of functionally active cells (Hatlapatka et al., 2009)
(Figs. 6F–G).Discussion
This method provides a way to better characterize and, most
importantly, functionally test both neuronal and non-neuronal
cells within a 3-D structure in a non-disruptive manner. Such a
tool aids in overcoming the limitations of monolayer cultures,
such as poor differentiation into specific cell types as well as
protocols that require EB dissociation in which data reliant on
3-D structure is lost.
The complexity of the neuronal structures grown on mesh
inserts is comparable to the tissue engineered in an embryoid
body using the protocol originally published for SFEBs (Eiraku
et al., 2008). Both procedures attempt to generate neuronal
circuits by using controlled extracellular signals as well as
cell–cell communication to form patterned 3-D structures
that are not seen in monolayer form, which is typically
chaotic. Cell viability is also greatly enhanced, with both
protocols producing neurons that are mature and contain
synapses. However, as reported earlier in the paper, the
neuronal tissue that grows on an MI offers a differing
morphology than the one found in SFEBs as reported by the
Sasai group. Why our method generates an ‘inside-out’ 3-D
structure, compared to that of an SFEB, could be simply be
explained by both discrepancies in conditions for differentia-
tion combined with the presence of the MI—it provides a
physical support for the tissue to spread out and grow in a
non-spherical manner. However, our data using free-floating
SFEBs (Fig. 3D) suggests that the MI is not the principal
component contributing to this inside-out structure. None-
theless, this raises interesting hypotheses about the role of
artificial membranes in stem cell applications. Additionally,
this approach can play a role in tissue engineering; future
studies may ask whether coating the artificial membrane with
certain growth factors can enhance neuronal development
and circuit formation.Besides the application of this method to SFEBs for
neuronal research, we have also demonstrated that that this
method can be used for EB differentiation of stem cells into
spontaneous forming tissue types that allow characteriza-
tion of three germ layers in vitro. Furthermore, when EBs
were directly differentiated into non-neuronal cell types,
such as endodermal cells, this method allowed for both
characterization of cell types within EBs as well as functional
testing of cellular response to external stimuli, including
drugs such as tolbutamide. This combination of imaging and
functional study highlights the advantage of our technique.
In addition to these benefits, growing SFEBs on MIs has
similar advantages to organotypic slice culture preparations.
Brain slice cultures allow maximal flexibility when performing
both electrophysiological and imaging experiments (Thompson
et al., 2006). The protocol outlined here is particularly useful
in live-cell studies that involve the tracking of iPS cell dyna-
mics over periods of time within a 3-D system. SFEBs prepared
using our approach allow high spatial resolution to be achieved
in a live-cell setting using standard epifluorescencemicroscopy,
as opposed to requiring two-photon laser scanning microscopy
for thicker preparations.
SFEBs that have been imaged can then be fixed and
processed for either traditional immunocytochemical studies,
and/or more detailed confocal microscopic analysis. We
are currently exploring whether our SFEBs can be readily
transfected—using biolistics, electroporation, or viral vectors—
with different genes and used in studies that combine
optical imaging with either traditional electrophysiology or
microphotolysis.
When adapted to particular experimental questions, our
protocol provides an important tool for performing both
electrophysiology and imaging on iPS-derived cells. This
technique can yield important data to assist the researcher
in decoding the function and development of mammalian
brain structures as well as other electrically active cells.Acknowledgments
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